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The presented study summarizes results of the research, related to the accumulation and restoration of the surface humus after degra-
dation by bulldozing or related to creation of new layers of surface humus on reforested agricultural lands in the Ore Mts. region.
The dynamics of humus forms was studied in stands of different tree species and with different soil preparation and site amelioration
for 20 years in some cases. The special attention is paid to the Blue spruce (Picea pungens) and Birch (Betula spp.). The results
confirmed considerable potential of tree species at restoration of holorganic layers, as the most suitable were confirmed birch and
alder, as less effective Norway spruce and larch and as a minor species the Blue spruce. Basing on the research results, the spontane-

ous processes can produce 1-2.5 t/ha of the surface holorganic layer per year at formation of the surface humus de novo.
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INTRODUCTION

The rapidity of degraded forest lands restoration and
the revitalization of forest functions are very important
themes at present. There is a wide range of relevant sites,
for example the revitalization of mining areas, land recla-
mation after large development activities, reforestation of
the marginal agricultural lands, soil revitalization after
bulldozing in the Ore Mts. (Podrazsky,2006a). In all
these cases, the regeneration of the forest character is the
vital topic. In the presented paper, the restoration of sur-
face humus on the bulldozed sites and on the afforested
agricultural lands in the Ore Mts. region is the concern. In
the first case, 4396.5 ha were bulldozed in the Ore Mts.,
according to the data of UHUL. In the other one, thou-
sands of ha were reforested in the last century. The most
topical sites are in the 7th, i.e. beech-spruce altitudinal veg-
etation zone, in the higher mountain locations respective-
ly with typical type of the nutrient cycling. The majority
of nutrients is recycled between tree vegetation and sur-
face humus, so the vital holorganic horizons, absent in
above mentioned cases, are vital in the forest vitality and
stability (Ulbrichova, Podrazsky, 2003). The
deterioration of holorganic layers results in the lowered
function potential of forest stands and sites. At present, the
windrows are displaced on a part of plots again, to restore
organic surface layers, on a large portion of the devastated
areas, the spontaneous succession of the humus forms is
the only one possible process, with its accumulation, hu-
mification and transformation processes. Aim of the pre-
sented study is the initial quantification of this succession
on both bulldozed, both agricultural sites.

MATERIAL AND METHODS

The studies were performed in the top flat area of the
Ore Mts., in the vicinity of the Bolebor village on the
ownership of the Municipal Forests Jirkov, further close
to the Flaje village. They were performed on several types
of'sites. As a comparison —i.e. standard — the intact stands
of Norway spruce, Blue spruce, Rowan tree and Birch
were studied. The sites after bulldozer site preparation
were compared with the intact ones, where the restoration
of the surface humus is running from zero, as well as some
afforested agricultural lands. The main aim was the deter-
mination of the quantity of the humus forms and further
to describe the first phases since the site reforestation.

State of intact humus forms in the region of interest

The state of intact humus forms as well as the rapidity
of their restoration in typical conditions of 6" (Spruce-
Beech) to g™ (Spruce) vegetation altitudinal zones was
studied on two localities, on the locality Boleboi I and
Flaje I. The first locality (Bolebot I) is located on the prop-
erty of Jirkov municipal forests. The altitude ranges be-
tween 840—860 m a.s.l., the geological bedrock is formed
by metamorphites (schists), soil type can be described as
cryptopodzol, forest type as 7K4 — Fageto-Piceetum aci-
dophillum — terraced (Podrazsky etal, 2003). The
particular plots are in the parts with intact soil, where the
Rowan tree stand (Sorbus aucuparia —25 years) was sawn
or the Norway spruce stand (Picea abies — 30 years) was
planted. The sampling took place in the year 1999.

* The paper originated as a part of the research project NAZV QG50105 Obnova lesniho prostfedi pifi zalesnéni nelesnich a devastovanych

stanovist.

232

SCIENTIA AGRICULTURAE BOHEMICA, 39, 2008 (2): 232-237



The comparison of intact humus forms under the birch
(Betula pendula) with lower layer of Blue spruce and pure
Blue spruce (Picea pungens) stands was performed on the
plotFlajel (Novak, Slodi¢ak,2006a; Slodic¢ak
et al., 2002). The stand is located on the slope with S-as-
pect, in the altitude of 800 m a.s.l., forest type is deter-
mined as 7K3 (Fageto-Piceetum acidophilum — Calama-
grostis villosae), soil type was described as Cambic Leptosol
(Cambic Ranker). The stand was established by planting of
3 years old spruce plantings and by sowing of birch after
clear-cutting of the former one in 1981. At the year of sam-
pling (October 2002) the spruce was 21 years old.

Restoration of humus forms on devastated sites

This research was performed on three series of re-
search plots, described as Bolebor 11, Bolebor 1 and Flaje
II and one more plot was added to these series.

The series Bolebor Il was established for the study of
Blue spruce and birch plantations on sites with bulldozer
preparation. It was established by bulldozing in the year
1983, the Blue spruce plantation was 8 years old in the
year 1994. The locality is in the same site conditions as
the plot Bolebort I and III. Research plot is divided into
two parts: the first one was without treatments after Blue
spruce plantation and birch dissemination, the invading
broadleaves were systematically eliminated on the second
one. The birch stand showed following characteristics in
the year 1994: individual number 42,100 pcs/ha, average
height 2.25 m, average diameter (DBH) 1.2 cm, basal area
4.76 m*/ha. The total biomass was determined 14.29 t/ha
for birch and 1.75 t/ha for Blue spruce respectively, in
1994. Mean increment was calculated in the value
1.75 t/ha (birch) and 0.55 t/ha (spruce) for the period 1991—
1993(Moravcik, Moravcikova,1994). Our humus
form sampling took place in years 1994, 1999, 2004.

The stands of the series Bolebor Il were established in
the years 1983—1985, in the altitude 850 m a.s 1., in the close
vicinity, in the same site conditions. Different tree species
were planted and site amelioration treatments used:

Soil preparation:

— bulldozer site preparation

— whole-area fertilization before local site preparation
(4 t/ha CaCOs, 0.5 t/ha K,0 + MgO, 0.2 t/ha P,Oy)

— site preparation, after fertilization (1t/ha CaCO,,
0.1 t/ha P,0;).

Planting technology:
— line ploughing
— line plantation distance 2 m.

Variants:

1. Mixed stand (Picea pungens Engelm., Larix decidua
Mill., Pinus contorta Dougl., Pinus strobus L.) in num-
bers 5,000 pcs/ha. Black alder (Alnus glutinosa) was
planted in amount 1,667 pcs/ha on the improved plot.
Mixture was in lines.
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2. Beech (Fagus sylvatica L.) in the amount 8,333 pcs/ha,
spacing 2.0 x 0.6 m in the mixture with alder in the
amount 2,500 pcs/ha.

3. Beech (Fagus sylvatica L.) in the amount 8,333 pcs/ha,
spacing 2.0 x 0.6 m in the mixture with larch (Larix
decidua Mill.), in the number 2,500 and spacing 2.0 x
0.6 m.

4. Blue spruce (Picea pungens Engelm.) In the number
5,000 pcs/ha, spacing 2.0 x 1.0 in the mixture with
alder in the number 1,667 pcs/ha, on fertilized parts
only.

Each variant have had 4 replications, two with fertili-
zation, two without, together originated 16 particular plots
of the size 60 x 25 m (0.15 ha), 13 was fenced as the pro-
tection against hoofed game. Plot evaluation was done in
the year 2000. Due to extreme mezo- and micro-climatic
conditions and due to game effects after destruction of
fencing, only several variants were conserved (larch, alder,
Blue spruce fertilized and non-fertilized).

The series Flaje 11 is oriented at the research of stands
of Blue spruce. The experiment was established in the year
1996 in the top part of the Ore Mts. It is located on the
S slope at the altitude 800 m a.s.1., the forest type is deter-
mined as SLT 8K1 (Piceetum acidophilum — Avenella
flexuosa), the soil type as modal oligotrophic Cambisol
(Novak, Slodic¢ak,2006b). The series is composed
of three plots 0.1 ha in size (25 x 40 m). Blue spruce was
compared with the Norway spruce stand, established in
the same time and way. These two plots were completed
by a bulldozed plot on the Svahova locality, in similar site
conditions, from the year approximately 1991. Here, the
upper soil was bulldozed to the E horizon, plot was planted
with European larch. The sampling took place in October
2002 (age 18 years at this time).

On all plots, the amount of surface humus was deter-
mined separately for particular holorganic horizons, if
possible to separate them. Sampling was provided by the
steel frame 25 x 25 cm, in four replications. The dry mat-
ter amount was determined at 105 °C, determination of soil
chemical characteristics was done by standard analytical
methods and results were published in the following pa-
pers:Remes, Podrazsky (2003), Ulbrichova,
Podrazsky (2003), Ulbrichova etal. (2005). Statis-
tical evaluation was done using analysis of variance at 95%
significance level, Tukey test was used for analysis.

RESULTS AND DISCUSSION

In the presented work, only the quantification of results
of the humus forms study are summarized on particular
plots (Table 1).

On the research plot Bolebof I, very close amounts of
the surface humus in both stands of Norway spruce and
Rowan tree were documented. The change in tree species
composition was not reflected by the humus form quan-
tity nor soil chemical characteristics (Ulbrichova et
al., 2004). Similar behaviour of the Rowan tree was docu-
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Table 1. Amount of surface organic matter on the intact sites, in the forest stands originated after bulldozer site preparation and marginal agricul-
tural land afforestation (t.ha ])

Plot Site Age Sampling Horizon Total
L F H

Boleboi 1

Rowan 7K4 Intact 1999 3.112 7.356 199.400 209.868

Spruce 3.860 43.544 153.564 200.968

Flaje I

Birch 7K3 Intact 2002 24.488 131.56 156.048

Blue spruce 21.608 60.516 82.124

Bolebot 11 Bulldozer

Birch 7K4 10 1994 1.450 2.110 4.340 8.020
15 1999 4.720 9.000 13.720
20 2004 6.120 18.690 24.810

Blue spruce 10 1994 2.010 3.100 4.950 10.040
15 1999 14.520 14.520
20 2004 5.250 13.800 19.050

Bolebor 111 Bulldozer

Alder fertilized 7K4 16 2000 7.320 33.364 40.684

Alder fertilized 16 2000 5.636 23.072 28.708

Alder non-fertilized 16 2000 4.000 22.240 26.240

Blue spruce fertilized 16 2000 5.792 11.048 16.840

Blue spruce non-fertilized 16 2000 21.692 21.692

Larch non-fertilized 16 2000 8.156 19.336 27.492

Larch fertilized 16 2000 9.564 24.720 34.284

Flaje IT Agricultural land

Norway spruce 8K1 18 2002 10.534 16.326 26.860

Blue spruce 18 2002 12.968 12.872 25.840

Svahova

Larch 12 2002 4.820 5.156 9.976

Note: Forest types: 7K3 — Fageto-Piceetum acidophilum — Calamagrostis villosa, TK4 — Fageto-Piceetum acidophilum — terraced, 8K1 — Piceetum

acidophilum — Avenella flexuosa

mented also in othercases (M oravcéik, Podrazsky,
1992).

Much more visible differences were detected in the
case of the Blue spruce and birch. In the first case, rapid
surface degradation occurs, on the other hand, the birch
has considerable relative soil protective and soil forming
role (Podrazsky etal., 2004).

Long-term development on the plot Bolebor II docu-
mented also the low function potential of the Blue spruce
comparing to birch (as well as to other tree species). Birch
dominated the Blue spruce during 20 years considerably
in the surface humus amount, showing even more favora-
ble soil characteristics (Podrazsky etal., 2003).

Very positive effects were confirmed in the case of the
alder. This species showed favorable effects on the forest
soil and site regradation (Bolebot III locality). Effects
were increased by fertilization, the accumulation of rela-
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tively high quality humus followed (Podrazsky etal.,
2003). These positive effects of alder on scarified and de-
graded sites were contrasting with the effects of this spe-
cies on intact sites, with spontaneous decomposition pro-
cesses. The further input of nitrogen could accelerate the
tendencies to humus mineralization, nitrification and
leaching of bases, even further soil acidification (Bin-
kley, 1986; Podrazsky etal., 2005).

At the agricultural soil afforestation on the Flaje I lo-
cality, the comparable holorganic layer accumulation was
documented in both spruce stands. The reason for this phe-
nomenon is the large share of the ground vegetation on the
litter formation in the Blue spruce stand, meanwhile the
litter in the Norway spruce stand was formed without ex-
ception by this tree species. Moreover, by 10% lower con-
tent of the combustible components in the Blue spruce
stand indicates higher mineral admixture there. The higher
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Table 2. Minimum amount of surface organic matter corresponding to natural or intact site conditions

Vegetation zone 5 — fir-beech 6 — spruce-beech 7 — beech-spruce 8 - spruce
Soil type Cambisol Cambisol Cambisol
L+F 2 L+F 1-2 L+F 1-2
Thickness cm
H 1-3 H 1-4 H 1-4
Amount t/ha 10-15 10-20 10-20
Soil type Cryptopodzol Cryptopodzol
L+F 2-3 L+F 2-3
Thickness cm
H 2-3 H 2-3
Amount t’ha 10-30 10-30
Soil type Ranker Podzol, Ranker Podzol, Ranker
L+F 2-4 L+F 2-4 L+F 2-4
Thickness cm
H 2-5 H 2-5 H 2-5
Amount t/ha 40-100 50— 100 100 - 150

Note: Cryptopodzol — entic Podzol, Ranker — Leptosol

quality organic matter of grass and herb vegetation enables
higher bioturbation and mixing of organic and mineral
particles in the open Blue spruce stand with no effective
soil cover (Podrazsky, Ulbrichova, 2005). The
lower accumulation of holorganic horizon in the larch
stand was documented also in other cases (Podrazsky,
Ulbrichova, 2004), proper fertilization can improve
this trend, how it is documented on the plot Bolebof III.
Results of our research, as well as the results obtained
during evaluation of other experiments in larger spectrum
of site conditions (Podrazsky,2001a, b, 2006b; Po -
drazsky, Remes$,2007; Podrazsky etal.,2003),
they allow to estimate the amount of holorganic layers,
indicating with high probability natural conditions in the
surface humus accumulation, assuring stabile and func-
tioning forest stands (Table 2). With this estimated amount
of surface humus, the forest soils correspond approxi-
mately to the natural conditions in wide range. This state
has to be reached (on degraded sites and afforested agri-
cultural lands) using both the spread mass of the
windthrows again, and the continuous accumulation of the
surface organic matter, by the transformation of the litter
of the vegetation. Based on our research, these spontane-
ous processes can produce 1-2.5 t/ha of the surface holor-
ganic layer per year, as the result of accumulation, trans-
formation and mineralization of the vegetation litter.

CONCLUSIONS

Results confirmed considerable potential of forest tree
species at the holorganic layer restoration of both affor-
ested agricultural lands as well as on the bulldozed sites
even in the mountain locations. Large differences were
described among particular forest tree species, as the most-
ly convenient, the birch and alder were found. Also other
species, e.g. Norway spruce and European larch were
relatively effective, as the least was determined Blue
spruce.
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The birch is a convenient forest tree species for similar
conditions, it conserves and improves the soil relatively
favorably.

The Blue spruce is a minor tree species from this as-
pect, it has not the soil protective or even improving
role.

Results of our research are fully applicable in the fur-
ther use in the forestry practice as well as in the continuing
research. On the newly afforested locations with absence
of the holorganic horizons, the annual new accumulation
of 1-2.5 t/ha of surface organic matter can be expected
during the first approximately 20 year of the new forest
existence. The effects of forest tree species, site and site
improving treatments are clearly detectable.
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republika):

Obnova humusovych forem na plochach pripravenych buldozerem na zalesnénych zemédélskych padach v Krus-

nych horach.
Scientia Agric. Bohem., 39, 2008: 232-237.

Rychlost obnovy degradovanych a obnovovanych lesnich stanovist' a obnova plnéni funkci lesti jsou pfedmétem

zajmu nejen vyzkumnikd, ale i praktikti. V jednotlivych pfipadech se mize jednat o rekultivace lokalit devastovanych
tézbou nerostnych surovin a stavebni ¢innosti, obnovu lesa na zemédelské pudé a tim padem i obnovu pivodniho cha-
rakteru lokality a v neposledni fad¢ i o zalesnéni lesnich ploch poskozenych buldozerovou ptipravou. V prvnim piipa-
d¢ se jedna radove o stovky az tisice hektarQ. Pfi obnove lesa na marginalni zemédélské pidé se odhady disponibilnich
rozloh zeméd¢lské pidy pohybuji v fadu statisicti hektarti (nejcastéji pies 300 000 ha) a buldozery bylo podle udaji
UHUL v Kru$nych horach piipraveno 4 396,5 ha, nejvice v 7. LVS. Pfevazuji tak vyse poloZena stanovisté se specific-
kym typem cyklt zivin, v podstaté se omezujicim na obéh elementl mezi dievinnou slozkou a vrstvou nadlozniho
humusu. Cilem predkladané prace je kvantifikace dynamiky obnovy holorganickych vrstev na typickych lokalitach
devastovanych buldozerovou piipravou v 7. a 8. LVS Krusnych hor. Degradace holorganickych vrstev zde s sebou nese
vyrazné snizeni funk¢nich potencialt lesnich ekosystému. Trebaze na ¢asti ploch je vyuzivana hmota vala pfi opétov-
ném rozhrnovani pfi rekonstrukei porostii nahradnich dfevin, na znacné rozloze se bude obnova vrstev nadlozniho
humusu dit pfevazné spontannimi procesy akumulace a humifikace.

Setieni se zaméfila na vrcholovou oblast Krusnych hor, v okoli obce Bolebot, na majetku Lesy mésta Jirkova a na
okoli Fl4ji (majetek LCR). Probihala v porostech s intaktni vrstvou humusu, s dominanci jednak smrku ztepilého a jed-
nak jetabu ptaciho a bfizy, a dale se zaméfila na porosty po buldozerové priprave a zalesnéné zemédélské pudy, ve
kterych dochazi k obnové vrstvy povrchového humusu. Cilem bylo zjistit alespoi pfiblizné pfirozené poméry v oblas-
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ti kvantity humusovych forem a dale postihnout inicidlni fazi obnovy technogenné devastovanych ptid v zajmové
oblasti.

Jednotliva stanovisté byla:

Intaktni ptidy, plocha Bolebof I, n. v. 840-860 m n. m., podlozi tvofeno svory, piidni typ kryptopodzol, LT je urc¢en
jako 7K4, dil¢i plochy jetab (25 let) a smrk ztepily (30 let). Odbér vzorkt proveden v roce 1999.

Intaktni ptdy, plocha Flaje I, n. v. 800 m n. m., podlozi podobné, pidni typ kryptopodzol az podzol, LT 7K3, dil¢i
plochy biiza (28 let) a smrk pichlavy (21 let), odbér vzorkt v roce 2002.

Buldozerové plochy, plocha Bolebof II, zalozeni 1983, n. v. 860 m n. m., pudni typ kryptopodzol, LT 7K4, dil¢i
plochy smrk pichlavy a bfiza, vék 20 let (2004), odbér vzorkti 1994, 1999, 2004.

Buldozerové plochy, plocha Bolebof 111, zalozena 1983—1985, n. v. 850 m n. m., pudni typ kryptopodzol, LT 7K4,
dil¢i plochy modfin, smrk pichlavy, olSe, s hnojenim a bez né&j, vék 16 let, odbér vzorkt 2000.

Zalesnéné zemeédélskeé pudy, plocha Flgje II, n. v. 800 m n. m., ptdni typ kryptopodzol az podzol, LT 8K1, dil¢i
plochy smrk pichlavy a smrk ztepily, vek 18 let, odbér vzorkti 2002, pfifazena plocha Svahova, modfin na buldozero-
vych plochéach, vék 12 let.

Na vsech plochach bylo mnozstvi nadlozniho humusu ur¢eno oddélené pro jednotlivé, na daném misté determino-
vatelné a oddélitelné holorganické vrstvy. Ty byly odebirany s pomoci ramecku 25 x 25 cm, ve ¢tyfech opakovanich.
Sugina byla urovana pti 105 °C, determinace pedochemickych vlastnosti byla provedena standardnimi metodikami,
neni v§ak pfedmétem tohoto prispévku.

Vysledky potvrdily znaény potencial lesnich dfevin pfi obnové holorganickych vrstev na zemédelskych i devasto-
vanych lokalitaich v horskych polohach (tab. 1). Byly potvrzeny zna¢né rozdily mezi dfevinami; jako vhodné byly
potvrzeny bfiza a olSe, jako méné ucinné dalsi druhy, jako smrk ztepily a modfin a jako nejméné vhodny se jevil smrk
pichlavy. Vysledky naseho vyzkumu je mozno plné vyuzit v dalsim vyzkumu a v jeho sumarizacich. Na nov¢ zalesné-
nych lokalitach s absenci holorganickych vrstev je mozno pocitat s rocni akumulaci zhruba 1-2,5 t hmoty povrchovych
humusovych horizontd roéné€, coz v obdobi prvnich 20 let sledovani indikuje dosazeni pln¢ funkéniho stavu zhruba
beéhem prvniho obmyti, v zavislosti na stanovistnich podminkach, dfeviné i melioracnich opatfenich. V tab. 2 jsou
generalizovany vysledky stanoveni hrubych rameti ptirozené akumulace nadlozniho humusu ve srovnatelnych stano-
vistnich podminkéch a tedy i Zadouci cilovy stav obnovovanych lesnich stanovist'.

zalesnéni degradované pldy; povrchovy humus; meliorace; druhové slozeni; humusové formy; akumulace humusu
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